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Abstract: We report data on two open issues in our previous experi-
mentation seeking an effective method for development of latent prints 
on glassine drug bags: (1) the choice of rubric to assess the quality of 
f ingerprints and (2) the choice of whether to use color or gray-scale 
images. Two research projects were performed to evaluate the impact 
of the rubric choice and the color adjustments applied. The Dove rubric 
is preferable to the modified rubric previously used. Analysts report 
a more uniform application and a more thorough analysis resulting 
in an upward trend in scores. Although gray-scaling in experimenta-
tion is necessary to conceal which treatment was employed, native 
color images are preferable for casework. The results of this research 
quantitatively show the impact of native color as measured by the 
Dove rubric. 
Introduction 
This research builds on the results of Study II in the authors’ 
prior research [1], which compared four methods of develop-
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ment for f ingerprints on glassine stamp bags. In that study, 
f ive volunteers put each finger on a pristine stamp bag every 
morning over a four-day period, resulting in 200 printed bags. 
As a control, 80 pristine bags without prints were included. 
Each bag was then processed with one of four commonly used 
latent print development methods: magnetic powder, ninhydrin, 
1,8-diazaf loren-9-one (DFO), and a sequential treatment of DFO 
and ninhydrin. The results were photographed, gray-scaled, and, 
where necessary, color inverted to ensure a uniform appearance, 
with dark ridges and light furrows.
These images from Barnes et al. [1] were graded by four 
fingerprint analysts using the rubric given in Table 1, which is 
referred to as the modified rubric throughout this paper. This 
rubric is an adaptation of the Dove [2] rubric and was intended 
to slightly broaden the grading criteria by eliminating the 
“identif iable” constraint. In the discussion section of Barnes 
et. al, we identif ied two design choices that we felt impacted 
the initial results: the choice of rubric and the color alteration 
of the images. The examiners involved did not interpret or apply 
the modified rubric in a uniform manner. They also felt that the 
color alterations enhanced the magnetic powder prints while 
washing out the prints developed with ninhydrin and DFO. 
The purpose of this paper is to examine the sensitivity of 
the results with respect to both the choice of rubric as well as 
the choice to gray-scale and invert the photographs over using 
the native color of the developed images. The choice of rubric 
is worth our attention because when we report results that say 
development method A worked better than development method 
B, “better” is with respect to the rubric being used.
Grade Criteria
4 Usable third-level details (pores, ridge endings, minor ridge deviations) are visible.
3 No third-level details, but usable second level details (bifurcations, ridge endings) are visible.
2 No usable second- or third-level details, but first-level detail (ridge f low, pattern) is visible.
1 No usable details at any level, but indications of a matrix are present (a smudge).
0 There is no evidence of a fingerprint having been deposited.
Table 1
Modified grading rubric used in Barnes et al. [1]
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Materials and Methods 
To make the results of this study as comparable as possible 
to those in Barnes et al. [1], we used the same set of fingerprint 
images and the same fingerprint analysts. 
In Project 1 of this paper, we asked the analysts to use the 
rubric given in Table 2, which is referred to throughout this 
paper as the Dove rubric, to evaluate the previously developed 
fingerprint images. These grades were compared to those from 
the Barnes et al. paper, which used the modif ied rubric. The 
same scoring system used in Barnes et al. was applied to the 
grades recorded from this study: a grade of 4 got a score of 1; 
a grade of 3 got a score of 0.5; all other grades got a score of 0. 
In Project 2, we asked the fingerprint analysts to grade the 
native color images of the previously developed f ingerprints 
using the Dove rubric and to compare the color image grades to 
the gray-scale image grades procured in Project 1. To minimize 
possible bias, the analysts could not access any previous grading 
events.
Grade Criteria
4 Usable third-level details (e.g., pores, ridge endings, minor ridge deviations) are visible. This fingerprint is identifiable.
3 No third-level details, but usable second level details (e.g., bifurcations, ridge endings) are visible. This fingerprint is identifiable.
2 No usable second- or third-level details, but first-level detail (e.g., ridge f low, pattern) is visible. This fingerprint is not identifiable.
1 No usable details at any level, but indications of a matrix are present (e.g., a smudge). This fingerprint is not identifiable.
0 There is no evidence of a fingerprint having been deposited.
Table 2
Alternative grading rubric [2].
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Results 
Project 1: Choice of Rubric Wording: Grading the 
Gray-Scaled Images with the Dove Rubric
 Table 3 compares the grades of the two rubrics, summed 
over the fingerprint analysts. The scores are recorded in Table 4. 
Table 5 originally appears as Table 2 in Barnes et al. and shows 
the scoring system applied to the original dataset. 
Project 2: Inf luence of Image Color: Grading the Color 
Images Using the Dove Rubric
Table 6 displays the scores from applying the Dove rubric to 
the color images using the four treatment methods. 
Dove Rubric
0 1 2 3 4
M
od
if
ie
d 
R
ub
ri
c
0 448 16 0 0 0
1 16 144 35 0 0
2 0 17 168 34 1
3 0 0 18 135 34
4 0 0 1 10 43
Table 3
Comparison of grades between the Modified Rubric and the Dove Rubric, all 
analysts summed.
Treatment FirstQuartile Median
Third 
Quartile Maximum Mean
Magnetic Powder 0 0.50 0.625 1 0.4025
DFO 0 0 0.375 1 0.1975
Ninhydrin 0 0 0.375 1 0.2225
DFO → Ninhydrin 0 0 0 0.5 0.015
Table 4
Summary of scores using the Dove rubric on grayscale images.
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Treatment FirstQuartile Median
Third 
Quartile Maximum Mean
Magnetic Powder 0 0.4375 0.75 1 0.39
DFO 0 0 0.375 0.875 0.195
Ninhydrin 0 0 0.50 1 0.245
DFO → Ninhydrin 0 0 0 0.625 0.0225
Table 5
Summary of scores by treatment method using the modified rubric (originally 
appearing in Barnes, et al. as Table 2).
Treatment FirstQuartile Median
Third 
Quartile Maximum Mean
Magnetic Powder 0 0.375 0.5 1 0.325
DFO 0 0 0.375 1 0.185
Ninhydrin 0 0 0.375 1 0.2
DFO → Ninhydrin 0 0 0 0.625 0.0275
Table 6
Summary of scores using Dove rubric on color images.
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Magnetic Powder
Figure 1 displays a fingerprint treated with magnetic powder, 
before gray-scaling and inversion and then af ter. Table 7 
compares the grades.
A majority of the grades fall along the diagonal of the table, 
suggesting that the bulk of the images had no change in rating. 
To the extent that there were shifts, the dominant shift was in 
low-graded prints, with 19 that had been graded “1” that were 
subsequently graded “0”. The higher graded prints had shifts 
back and forth between “3” and “4” that were generally equal in 
distribution between the color and gray-scale.
Figure 1
Magnetic powder-treated fingerprint before and after grayscale was applied. 
Both images received two grades of 4 and two grades of 3 during each 
grading.
Magnetic Powder
Color
0 1 2 3 4
G
ra
y
0 73 4 0 0 0
1 19 29 6 0 0
2 0 2 28 3 0
3 0 0 6 50 15
4 0 0 1 13 31
Table 7
Comparison of grades for the magnetic powder treatment between color 
images and gray-scaled images; all analysts summed.
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Ninhydrin
Figure 2 shows an example of a ninhydrin-treated fingerprint 
before and after gray-scaling. Table 8 compares the grades. 
The results again show the dominance of the diagonal, 
meaning no change in grade. To the extent that there were shifts, 
they are in the direction of higher grades when examined in 
color, particularly in the lower-graded prints. 
Figure 2
Ninhydrin-treated fingerprint before and after grayscale was applied. This 
image received a grade of 3 from all four analysts in both sessions.
Ninhydrin
Color
0 1 2 3 4
G
ra
y
0 111 10 0 0 0
1 0 32 14 0 0
2 0 2 38 10 0
3 0 0 2 32 3
4 0 0 0 3 23
Table 8
Comparison of grades for the ninhydrin treatment between color images and 
gray-scaled images; all analysts summed.
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DFO
Figure 3 gives an example of a fingerprint treated with DFO, 
before gray-scaling and inversion and then after. Table 9 gives 
the results of the two gradings.
In Table 9, the diagonal is again where a significant portion of 
the grades fall, showing that gray-scaling the images minimally 
affected the results. The shifts go in both directions.
Figure 3
DFO-treated fingerprint before and after grayscale was applied. The image 
on the right received unanimous grades of 2; the left received three grades of 
2 and one grade of 3.
DFO
Color
0 1 2 3 4
G
ra
y
0 80 1 0 0 0
1 0 22 15 0 0
2 0 3 79 7 1
3 0 0 12 47 6
4 0 0 0 2 5
Table 9
Comparison of grades for the DFO treatment between color images  
and gray-scaled images; all analysts summed.
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DFO	→	Ninhydrin
Figure 4 shows an example of a f ingerprint treated with 
DFO	→	ninhydrin	before	and	after	gray-scaling.	Table	10	gives	
the resulting grades.
The combination treatment had very few prints with high 
grades whether they were in full color or in gray-scale. To the 
extent that there was some shift, it appears again that, similar to 
ninhydrin alone, it is in favor of the color images.
Figure 4
DFO → ninhydrin-treated fingerprint, photographed after ninhydrin 
treatment, before and after grayscale was applied. The image on the left 
received unanimous grades of 2; the image on the right received three grades 
of 2 and one grade of 3.
DFO → Ninhydrin
Color
0 1 2 3 4
G
ra
y
0 146 39 0 0 0
1 0 24 16 0 0
2 0 2 45 2 0
3 0 0 1 4 1
4 0 0 0 0 0
Table 10
Comparison of grades for the DFO → ninhydrin treatment between color 
images and gray-scaled images; all analysts summed.
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Discussion 
Project 1
We evaluated the extent to which the change in rubric inf lu-
ences the grades assigned by the examiners, remembering that 
the same fingerprint images were graded by the same examin-
ers. When we compare Dove’s rubric to the modif ied rubric, 
the important difference is that the Dove rubric includes the 
“identifiable” qualifier, whereas the modified rubric does not. 
Dove’s scale was chosen because the criteria at each level are 
defined in terminology that is widely accepted amongst latent 
print practitioners. It was thought that this scale would provide 
each examiner with an objective set of criteria for the requisite 
quality evaluations. The choice to remove the language regard-
ing suitability for identification from the Dove rubric in Barnes 
et al. was made to mitigate the subjective nature of value deter-
mination. 
During a retrospective assessment of Barnes et al., each of 
the four examiners agreed that the removal of the identification 
language led to issues of its own. As reported in Barnes et al., 
this led to a difference in the way that each analyst applied the 
scale to the images. Each examiner agreed that inclusion of the 
identification language would have resulted in a more uniform 
application of the grading scale. 
Because the purpose of processing stamp bags for latent 
prints is to recover potentially identifiable areas of friction ridge 
detail, grades of 3 and especially 4 are particularly important. A 
comparison of the “mean” column in Tables 4, 5, and 6 depicting 
the scoring system suggests that the scores based on the Dove 
rubric are systematically higher than the modified rubric due 
to more scores of 3 and 4. In Table 3, the majority of grades 
are on the diagonal, which means they did not change. Also, 
with two exceptions, all of the changes were a distance of one 
apart. However, the off-diagonals demonstrated a shift in the 
direction of higher grades. For example, 35 f ingerprints were 
graded 1 using the modified rubric but were graded 2 using the 
Dove rubric. Conversely, only 17 that were graded a 2 using the 
modified rubric were graded 1 using Dove’s rubric. The same 
type of shifts can be seen between grades of 2 and 3 and between 
grades of 3 and 4. 
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As remarked in Barnes et al., there was one analyst who 
used the rubric in a stepwise fashion, grading a fingerprint as 
a 4, for example, only if it satisfied the criteria for a 3, and in 
addition showed at least some of the listed criteria for a 4. Table 
11 reports the stepwise analyst’s grades. There was a drastic 
increase in 3s to 4 (21 of them) and only 3 in the reverse direc-
tion. To examine whether this analyst alone can account for 
the increase in grades, Table 12 records the grades for all the 
analysts except this one. (Thus, Table 12 is Table 3 minus Table 
11). Table 12 shows substantial shifts in the direction of higher 
grades for the other three analysts as well. Table 13 shows that 
one analyst’s grades remained relatively unchanged. Hence, 
we conclude that the analyst who used the rubric in a stepwise 
manner contr ibuted to the overall shif t but was not solely 
responsible. In summary, three of the four analysts, including 
the stepwise analyst, increased their grades; the fourth did not.
The general upward increase in the grades could be explained 
by a longer analysis phase. The analysts concluded that in the 
original study, the emphasis was placed solely on seeing the 
criteria for each grade, which in turn meant that seeing any 
usable second-level detail, including for instance a single ridge 
event, meant that the print in question would score a 3. The 
determination of not identif iable versus identif iable required 
that the analysts consider ridge events and perform a thorough 
analysis on each print. The analysts would open the images in 
PhotoShop to rotate or mark minutiae whereas in the original 
study, Windows Photo Viewer was sufficient. It should be noted 
that although the analysts may have used PhotoShop during the 
analysis, the altering of the brightness, contrast, and so forth of 
the images was prohibited.
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Dove Rubric
0 1 2 3 4
M
od
if
ie
d 
R
ub
ri
c
0 109 7 0 0 0
1 4 29 5 0 0
2 0 5 49 5 0
3 0 0 6 28 21
4 0 0 0 3 9
Table 11
Comparison of grades for the gray-scaled images between the Modified 
Rubric and the Dove Rubric for the analyst who used the rubrics in a stepwise 
manner.
Dove Rubric
0 1 2 3 4
M
od
if
ie
d 
R
ub
ri
c
0 339 9 0 0 0
1 12 115 30 0 0
2 0 12 119 29 1
3 0 0 12 107 13
4 0 0 1 7 34
Table 12
Comparison of grades for the gray-scaled images between the Modified 
rubric and the Dove rubric for all the analysts except the one who interpreted 
the rubrics in a stepwise manner.
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Dove Rubric
0 1 2 3 4
M
od
if
ie
d 
R
ub
ri
c
0 109 6 0 0 0
1 4 39 5 0 0
2 0 9 32 6 0
3 0 0 7 39 5
4 0 0 1 5 13
Table 13
Comparison of grades for the gray-scaled images between the Modified 
rubric and the Dove rubric for one analyst. That analyst did not did not 
increase the grades as a result of using the Dove rubric. 
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Project 2
The first aim of Project 2 was to see whether the color images 
would be more highly favored. If so, the second aim was to see 
how much better the color images were as measured by the Dove 
rubric, so we would have an empirical basis to quantitatively 
understand the relationship between the Dove scores of the color 
and gray-scale images for ninhydrin and DFO. 
In Table 14, there is a distinct shift in the direction of higher 
grades, which favors the color images, although predominantly 
in the lower graded impressions. This may be in part due to the 
contrast “washout” that was observed in the ninhydrin and DFO 
images when they were gray-scaled. Table 15 shows the sum of 
the grades of the DFO and magnetic powder treatments, both of 
which needed to be gray-scaled and color inverted. This table 
shows approximately equal shifts in both directions. During the 
color grading phase, the analysts were struck by the loss of 
clarity in the DFO impressions when the color was removed 
from the images. This may be due to the f luorescence of the 
substrate. It was much easier to trace the ridges1 of the native 
color images, therefore analysts were presumably able to f ind 
more ridge events during their analyses. Both of these groups 
had an upward trend in grades from gray-scale to color.
Analysts perceived the native color magnetic powder images 
to be more difficult than those that were inverted. Though the 
difference may not be apparent in the numbers, the native color 
images often required the analysts to ridge trace and spend more 
time on the analysis. The decrease in grades from 1 to 0 is possi-
bly due to residual powder that adhered to the bags and created 
a shadow that was enhanced when the images were inverted. 
This would appear as a “smudge” as described in the criteria 
for both grading rubrics. A f luctuation can also be seen in the 
sequential	DFO	→	ninhydrin	treatment,	which	had	39	images	
increase from 0 to 1 between the grayscale and color images. 
This may be attributed to the “washout” described before, where 
the process of gray-scaling the image caused a loss of the pink 
color that was more obvious in the color image.
1 Ridge tracing is the process of following ridge paths, either with a ridge 
counter or with a paint tool via image enhancement software, to determine 
the location of ridge events.
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Dove Rubric
0 1 2 3 4
M
od
if
ie
d 
R
ub
ri
c
0 257 49 0 0 0
1 0 66 30 0 0
2 0 4 83 12 0
3 0 0 3 36 4
4 0 0 0 3 23
Table 14
Comparison of grades for the ninhydrin and sequential DFO → ninhydrin 
treatments between colored images and gray-scaled images.
Dove Rubric
0 1 2 3 4
M
od
if
ie
d 
R
ub
ri
c
0 153 5 0 0 0
1 19 51 21 0 0
2 0 5 107 10 1
3 0 0 18 97 21
4 0 0 1 15 36
Table 15
Comparison of grades for the magnetic powder and DFO treatments between 
colored images and gray-scaled images.
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Conclusions
From Project 1 we learned that use of the Dove rubric produced 
results similar to those from the modified rubric used in Barnes 
et al., albeit with a slight increase in the grades. However, the 
Dove rubric led the analysts to conduct a more thorough analysis 
of the images, as evidenced both by the somewhat higher scores 
obtained for the same photographs and by the analysts’ ref lec-
tions on their experiences doing these tasks. Consequently, the 
Dove rubric will be used for our work going forward because 
the analysis was more similar to casework. The addition of the 
“identifiable” criterion generally resulted in grades higher than 
those from Barnes et. al, but more importantly, the analysts 
agreed that the Dove rubric was less ambiguous than the 
modified rubric.
In	Project	2	we	learned	that	the	sequential	DFO	→	ninhydrin	
treatment group had the most dramatic grading increase between 
the grayscale and color images. This can be attributed to the 
images whose grades increased from 0 to 1. Comparatively, 
DFO	→	ninhydrin	had	more	of	an	increase	in	the	0	to	1	group	
than any other treatment across all increases. Ninhydrin followed 
with 37 total images increasing in grade, a majority of which 
occurred across the 1 to 2 and 2 to 3 grades.
This study conf irms the examiners’ hypotheses that the 
color modification does affect the observed quality. Although 
this should be kept in mind while interpreting the experimental 
performance of each of the methods, the effect will be negated 
during case work. Future research will use gray-scaling and 
inversion, when necessary, to obscure which treatment method is 
being used on a given print. Furthermore, in our future work, the 
results for the grayscale images will be quantitatively adjusted 
to predict the performance of color images.
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